PETROSITIS is the term which has recently come into use for denoting inflammation of the petrous pyramid. The situation of the bone, wedged in as it is at the base of the skull, has made it difficult for surgical approach, so that the recent planning of definite surgical procedures to deal with the disease has been a matter of great interest.
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It is noteworthy that Chamberlin, in Jackson and Coates' textbook, published in 1929, in summing up the treatment of the Gradenigo symptom complex, says: " Although the mastoid operation, with the free drainage which it affords, does not ensure relief, it is the best means which we have, and certainly lessens the dangers of intracranial involvement." Nevertheless, previous to this a few cases of operative treatment had been recorded.
In briefly reviewing the progress that has been made since Gradenigo published his original paper in 1904, drawing particular attention to the apical cells and paralysis of the sixth nerve, I propose to limit my remarks to more or less recent work on-(1) Structure of the petrous bone. (2) Pathology. (3) Radiology. (4) Clinical aspects.
(1) Structure of the petrous bone.-The distribution of the air-cells in the petrous bone has been studied by many authors. In this country Cheatle's work is well known, and Bezold, Politzer, and others have described the cellular distribution.
Myerson, Rubin, and Gilbert published an anatomical study in 1934. Pneumatization of the petrous apex was found in 11%, a diploic tip in 11% and a sclerotic tip in 71%. This compared with a pneumatized mastoid process in 38% and sclerotic in 30%. No bone up to 71 years showed a pneumatized apex, the yolungest pneumatized tip being 15 years. The authors divided the cells into supracochlear and infracochlear groups, and found that the most common were the anterior surface cells above the cochlea, originating in the angle between the superior semicircular canal and the facial nerve, and the jugular bulb group (subcochlear and posterior cochlear). In only two specimens were peritubal cells found leading to the petrous apex. Hagens in his series (50 bones) found pneumatization in 34%. Marrow was found in 94% of the petrous apices. Belinoff and Balan, out of 40 bones, found a diploic type in 22'5%, a pneumatic type in 35% and a mixed cell type in 42-5%. In 37-5% the structure of the mastoid process and pyramid apex was identical, and in 62 5% different. Glick describes a series of microscopic preparations of the temporal bone, and points out that pneumatic cells are present in the petrous apex more frequently than is generally believed. In a number of specimens he found bony dehiscences directly under the gasserian ganglion. References to cell-tracts have been made by numerous continental workers, and Kopetzky gives a complete list of these in his paper in the Archives of Otolaryngology, July 1933. There are considerable differences in the estimates of the amount of pneumatization normally to be found, and this is probably partly explained by the difference in the technique of preparation.
Eagleton, in his paper on ' Unlocking of the petrous pyramid," discusses very fully the anatomical character and special peculiarities of the petrous bone. Quoting McMurrick, he says: " The internal third of the temporal bone contains an intracranial space-developing portion, the apex cells containing blood-forming marrow substance, morphologically the same as the marrow of the long bones. The petrous belongs to the more primitive type of cartilage bone." He later points out that the blood supply is from the periosteum loops, the nutrient arteries of the apex being twigs sent from the carotid plexus to the compact cortex, and this fact, together with the fact that the apex is a growing bone and contains marrow cells capable of direct infection, renders the apex especially liable to infection reactions in mastoiditis.
(2) Pathology. Pathologically, the disease petrositis is either a spreading osteitis or an osteomyelitis. There is not a great deal of microscopic work published, and the deductions from macroscopic appearances may be deceptive. It is interesting that the American authors whose recent work has focused attention on the operative treatment of the disease hold divergent views as to the pathology. Kopetzky and Almour only see a coalescent petrositis, whilst Eagleton suggests that the condition is always osteomyelitis. Kopetzky and Almour state that the progress of the disease is the same as in a cellular mastoid, and its course can be followed macroscopically. All their cases occurred in pneumatized mastoid processes. At the original operation cells were found to extend well forward into the zygoma. In the region of the antrum and the area posterior to the superior semicircular canal cellular elements were present. In most of the cases with which they dealt there was suppuration in the mastoid process which in all, except one case, preceded the development of suppuration in the petrous pyramid. In the majority of instances suppuration in the mastoid process and the middle ear cleared up and an interval of time elapsed before the onset of symptoms denoting that the suppuration had spread into the perilabyrinthine tracts toward the pyramidal tip. These authors detail the routes of invasion as follows:-(1) From the antrum or epitympanic space above or below the superior semicircular canal following the postero-superior surface of the petrosal pyramid into the tip. (2) From the peritubal cells into the pyramidal tip. (3) From the peritubal cells directly into the carotid canal and then rupturing into the cavum Meckelii.
Friesner and Druss give the following routes of extension from the middle ear and mastoid cavity to the apex, collected from the work of Perkins and others:
(1) Sublabyrinthine route, extending from the tympanum below the labyrinth and internal auditory meatus to the petrous tip. (2) From the mastoid antrum, through the subarcuate fossa or the petro-mastoid canal, which passes inwards beneath the superior semicircular canal and reaches the layer of cells above the internal auditory meatus to the petrous tip. (3) Carotid canal by eroding the bone on the anterior tympanic wall or through one of the carotico-tympanic foramina, which give passage to the carotid branches of the tympanic plexus. (4) Layer of cells extending along the Eustachian tube, from the tympanum to the petrous tip.
(5) Along the superior or inferior petrosal sinuses to the apex. (6) Extension of an extradural abscess of the petrosal sinus to the apex. (7) Induced trauma at operation or otherwise.
Friesner and Druss give a detailed microscopic study of three temporal bones in three cases of otitic suppuration associated with paralysis of the external rectus muscle. They trace the disease definitely through the cells and say that: "It cannot be denied that the majority of infections of the petrous pyramid that reach the apex do so by direct extension through the cells." E. P. Fowler, Junr., describes six cases of meningitis of otitic origin. Serial sections were examined in all of these, and petrositis was found. In none of the cases were there definite clinical signs of the disease, and he concludes that petrositis is much more common than is generally supposed.
An infection in the petrous will not necessarily reach the apex, and whether it does or not probably depends on the structure of the particular bone. Complete healing of the petrous may occur after simple complete mastoid drainage, or perforation of the cortex may occur, causing a subdural abscess, which may burst into the meninges after a quiescent period. Eagleton discusses very fully the pathology he found in his cases, viz., osteomyelitis. Buskin describes the venous circulation of the petrous bone. His object is to show: First, that the earliest sign of involvement of the petrous bone, preceding the suppurative state, is disturbance of circulation in the venous network of the bone ; second, that there are two outstanding syndromes, one described by Gradenigo, with involvement of the sixth nerve and orbital pain, the other described by bimself and characterized by aedema of the lower eyelid, temporo-maxillary orbital pains and trismus. The cause in the former case is congestion of the inferior petrosal sinus, and in the other congestion of the pterygoid plexus.
(3) Radiology.-The study of this disease has been helped by radiologists, as the cellular structure can be demonstrated in radiograms. The verticomental position is generally used, and attention has to be directed to: (1) Amount of aeration. (4) Clinical Aspects.-The clinical history of a case with invasion of the petrous apex is usually fairly typical. It begins with an acute otitis media, for which a myringotomy is performed. Later the' mastoid becomes involved and a simple mastoid operation 'is carried out. During the post-operative stage conditions are fairly satisfactory, but occasional headaches occur. Then comes the " pain behind the eye " and occasional pain in other branches of the fifth nerve. The mastoid wound usually heals well, but discharge from the middle ear continues, or it may first clear up and then recur. There is an irregular temperature, running up to about 1010. Signs of labyrinthine irr'itation and paralysis of the sixth and seventh nerves may occur.
Following this : (1) Recovery may take place. (2) Meningitis may occur.
(3) (Rarely), lateral or retropharyngeal abscess may form, and on discharge of the abscess recovery may occur. Eagleton says : " During the terminal stage all of my patients presented a symptom-complex characteristic of pontine cisterna meningitis, viz., the patient is unconscious but not stuporous. He lies on his back with his head extended and his eyes closed. When spoken to he arouses and will answer questions, and then dozes again. There is some headache, but little of the agonizing pain and none of the general restlessness and screaming of cortical meningitis. In a few days he dies." It is rare for the signs of petrositis to occur at the same time as the original otitis, but this has been recorded.
Kopetzky and Almour now divide their cases' into acute and chronic. The difference is one of degree, the drainage in the acute cases being insufficient, so that an encapsuled extradural abscess is formed. At this period the symptoms are relieved, only to be followed by signs of meningitis if the condition is not relieved by operation. Paralysis of the sixth nerve occurring in suppuration of the middle ear disappears spontaneously in the majority of cases, usually after a mastoid operation. Its presence is not an indication for operation on the petrous, and its absence is no indication that the petrous is not involved. Meltzer discusses the Gradenigo syndrome fully, and Friesner and Druss show that in four cases submitted to microscopic examination, three showed certain evidence of involvement of the petrous, and in the fourth there was no such evidence.
The clinical difficulty is to decide when not to operate and when to operate. Careful watching, once the diagnosis of petrositis is made, is indicated, but the appearance of signs of meningitis increasing in intensity makes interference advisable. The recognition of the Kopetzky interval with diminution of discharge is an important sign. If the discharge is increased at this time, a waiting policy should be followed.
The practical conclusions I would draw are that:
(1) All cases showing extensive pneumatization of the mastoid at the primary operation should have the petrous apex radiographed.
(2) The occurrence of " pain behind the eye " in the presence of suppuration of the middle ear should be considered evidence of petrositis.
(3) Paralysis of the sixth nerve is not an indication for a petrous operation, but absence of paralysis of the sixth nerve is no indication that petrositis is not present.
(4) Operation is indicated: (a) When meningeal signs (headache torpidity, irritability, neck rigidity, vomiting) show themselves and increase; (b) When radiological evidence shows increase of disease in the petrous; (c) When the Kopetzky latent period appears with decrease of discharge from the middle ear.
(5) Petrositis may occur without the " pain behind the eye " and may result in meningitis. The diagnosis is extremely difficult and further work is required on the subject. a BIBLIOGRAPHY BELINOFF and BALAN. Monatschr. fur Ohrenh. u. Laryngo-Bhlihiol., 1930 , 64, 1185 Meeting Amer. Laryn. Bhin. and Otol. Soc., 1930, p. 338. On 29.12.32 she was readmitted with meningitis. Since her discharge from hospital she had been well except for an occasional headache; no eye pain. During the previous week she had been particularly well and had attended school. Lumbar and cisternal punctures carried out. Culture of hbemolytic streptococci from cerebrospinal fluid. FIRST of all, it is important to remember that, in the great majority of cases, petrositis is curable by an adequate mastoid operation, with systematic exenteration of all discoverable cells. It is rarely necessary to perform a radical operation; still more rarely is it necessary to carry out a deliberate exploration of the petrous pyramid.
Next, chronic petrositis is an uncommon condition. It does occur, and is sometimes responsible for sequestration of the petrous bone, cases of which are reported from time to time at our meetings. It seems probable to me that some cases wbich we describe as "latent labyrinthitis with necrosis" should rather be included in the category of petrositis. I refer to those cases in which a complete loss of labyrinthine function is revealed by the routine examination of a patient with chronic suppurative otitis media and, at operation, the labyrinth is found as a sequestrum in a granulating or pus-filled. cavity. The most likely explanation of the condition is that the dense bone of the labyrinth survives the destruction of the surrounding cancellous bone, but the vascular supply of the labyrinth does not survive and so the whole labyrinth slowly dies. The slowness of the process would account for the fact that in some cases of latent labyrinthitis" the most careful questioning fails to elicit any history of vertigo or other labyrinthine symptoms. There is also a small group of cases in which petrositis declares itself by the appearance of a lateral pharyngeal or pterygo-maxillary abscess.
In the majority of cases petrositis follows an acute mastoiditis, generally in a fully pneumatized mastoid, although cases have been reported in which the predominant structure was diploetic. Usually the petrosal invasion is a late complication, and occurs after the third week. I would say emphatically that the appearance of signs of petrositis in a patient on whom we have performed an adequate mastoid operation does not compel us forthwith to proceed to further surgical intervention ; still less are such signs and indication for immediate exploration of the petrous. If the signs, such as neuralgia and vertigo, are fluctuating but not increasing in severity and are associated with a free discharge, we may take it that the pus has found a channel of exit and we are justified in waiting, so long as there is no evidence of septiciemia and no signs of meningeal reaction. I lay particular stress on the importance of a free discharge because in the most dangerous cases of all-the cases of mucosus otitis, where the infecting organism is the so-called Streptococcuts mucosuts capsulatzis (really probably Pneumococcus III), there is a most ominous absence of discharge. It is in these cases that the radiologist can help us most, for in mucosus otitis the destruction of bone is so disproportionate to the signs, or rather to the absence of signs, that skiagrams are often our only positive evidence of the advance of infection. The sudden cessation of discharge is a warning sign; it may mean that the wall of the petrous pyramid
